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BBepeHne

lMpoBeneHne annapaTHOM WMCKYCCTBEHHOW BEHTUNAUMKM NETKMX B HacToswee Bpems
cTano pPYTUHHOW Mpouedypon B Jle4eHUU MNaumeHToB OTAEeNeHud peaHumMauun u
WHTEHCUBHOW Tepanuu, nepecTaB BHyLWATb TpeneT nNpu MNPUHATUN peLleHns o
HeobXoAMMOCTU OKasaHWUs NauueHTy pecnupaTopHOW noaaepkn. Bo3amoxxHoCTM 3Toro
MeToda WHTEHCUBHOW TepanuuM HEUsMepumo BO3POCIN C MOSIBIIEHWEM HOBbIX
NMOKOMEHU pecnupaTopoB, MOSYYMBLUMX 3a MpedocTaBnseMble UMW BO3MOXHOCTM
Ha3BaHWe "MHTenneKTyanbHbIX".

Tem He MeHee, npuxoguTca MNpu3HaTb, YTO OO CUX TMOp [Jaxe caMbln
"MHTennekTyanbHbI" annapat VIBJ1 He B COCTOAHUN y4eCTb BCEX HIOAHCOB NaTonornm u
OCODEHHOCTEN KaXaoro naumeHTa, OueHUTb 3dEKTUBHOCTb pecnmpaTopHON Tepannu
1 onpegenutb Heob6xoaMMoCTb n3MeHeHnsa napameTpos BJ1.

CBefeHNs 0 MexaHMYeCKux CBOMCTBAX NErkux, rnosiy4aembiXx OT MOHUTOPOB MEXaHWUKU
AblXaHusi, KOTOPbIMW OCHAaLleHbl COBPEMEHHble pecnuMpaTtopbl, npefocTasnsowmne
CTONb HeobxoauMmyo UHGopMaunio 06 aPPEKTUBHOCTU N afeKBAaTHOCTU NPOBOLAVMOWN
MBJ1, ctaHoBATCA Ans Bpaya NyTEBOAHOW HUTLIO, YKa3blBasi, rae Mbl HAXOAUMCS, U Kyaa
HY>XHO OBUraTbCs.

PecnupatopHas MexaHnka — He06XoAUMbIA MUHUMYM

Kakune napameTpbl BOoxa v Bblgoxa namepsaet annapat VBJ17?
1. Bpewms (time),

2. 06bém (volume),
3. notok (flow),
4

AaBnieHue (pressure).

Bpemsa (time)

Bpemsa — 310 Mepa AnTeNbHOCTU M NOC/IeA0BATENIbHOCTU ABNEHUN

Ha rpadumkax gaBneHus, notoka n o6beéma Bpems 6eXUT No ropu3oHTanbHOM OCU «X».
N3mepsieTca B cekyHaax, MMHyTax, Yacax. C no3anuuim pecnmpaTtopHON MexXaHWKU Hac
WHTepecyeT ANUTENbHOCTb BOOXa M BblOOXa, MOCKOMbKY NPOU3BeAEHME MOTOKOBOro

BpemeHn Bpoxa (Inspiratory flow time) Ha notok paBHO 06béMy BOoxa, a

npoussBegeHne MOTOKOBOro BpemeHu Bblgoxa (Expiratory flow time) Ha noTtok paBHO
006bEMY BblgOXA.

BpemeHHble nHTepBanbl AbIXxaTeNbHOro umkKaa (Ux vetbipe)

UTo Takoe «BAOX — inspiration» n «BblgoXx — expiration»?

Boox ato Bxog Bo3gyxa B nerkue. OnuTca Oo Havana Bbigoxa. Bbigox — 310 BbIxog
Bo3gyxa u3 nerkux. [nutca oo Havyana Bgoxa. WHbIMM cnoBamu, BOOX cuMTaeTcs C
MOMEHTa Hayana MoCTyMneHus Bo3dyxa B AblxaTefbHble NyTM M ANUTCA OO Hadvana
BblJOXa, @ BblJOX — C MOMEHTa Hayana M3rHaHus BO3dyxa U3 AbiXxaTerbHbIX NyTen u
ANUTCS A0 Havana Bgoxa.

JkcnepTbl AeNAT BAOX Ha ABE YacTu.

Inspiratory time = Inspiratory flow time + Inspiratory pause



Inspiratory flow time — BpemeHHOW UHTEpBar, Korga B ferkue noctynaet Bo3gyx. Uto

Takoe «MHcrnupatopHaa naysa» (inspiratory pause unu inspiratory hold)? 310

BpeMEHHOW WHTepBar, Korga KranaH BAoXa ye 3aKkpblT, a KnanaH Bblgoxa elle He
OTKpbIT. XOTS B 3TO BpeMdA MOCTynfeHus BO3dyxa B Jierkme He MNpoUCXoauT,
WMHCMpaTOpHaa nay3a sBMAsSeTCA 4acTbld BpeMeHW BAoxa. Tak [OOroBOPUIUCH.
MHcnupaTopHas naysa BO3HUMKaeT, Koraa 3afaHHbli OOBbEM yxxe LOCTaBfneH, a Bpems
BOOXa €eleé He uCTekno. [Ona CrOHTaHHOro AblXaHuUs — 3TO 3aJepXKa AblXaHus Ha
BblICOTE BOOXa. 3ajepXka [AblXaHWs Ha BbICOTE BAOXa LIMPOKO MNpaKTUKyeTcs
WHOMACKUMK MoraMu U ApYyruMn crneumanuctamyv no AbiXaTernbHOW TMMHacTuke. B
HekoTopbIX pexumax WMBJ1 uHcnnpatopHas naysa otcytcrByeT. [na annapata WBJI

PPV Bblgox expiratory time — 3TO BpeMEHHOW WHTepBan OT MOMEHTa OTKPbITUSA

KnanaHa Bblgoxa A0 Havyana crepgylollero Bgoxa. OKCrnepThbl OeNnsT BblOX Ha OBe
YyacTu.

Expiratory time = Expiratory flow time + Expiratory pause
Expiratory flow time - BpemeHHOW MHTEpBan, Korga BO34yX BbIXOAMT U3 nerkux. YTo

Takoe «3KcnupaTopHas nay3a» (expiratory pause wunu expiratory hold)? 3710

BpeMEHHOW MHTepBarn, Koraa NOTOK BO34yxa U3 Nerknx yxxe He nocTynaeT, a BOOX ewé
He Hayancsa. Ecnm mbl umeem geno c «ymHbiM» annapatom WBJl, mbl 06s3aHbl
COOBLWNTL EMY CKOSMbKO BPEMEHMU, NO HALEMY MHEHUIO, MOXET ANTLCA AKCMpaTopHas
naysa. Ecnu Bpemsa akcnupaTopHOM nay3bl UCTEKSO, a BAOX He Havancs, «YMHbIAy

annapat VBJ1 o6bsaBnseT Tpesory (alarm) n HaunMHaeT cnacaTtb nauMeHTa, NOCKOSbKY

cuMmTaeT, YTo npowusowwsno anHod (apnoe). Bkniovaetca onums Apnoe ventilation. B
HekoTopbIX pexnmax VBJ1 akcnnpaTtopHasa naysa oTCyTCTBYeT.

Total cycle time — Bpems gbIxaTenbHOro UMkna CkrnagpiBaeTcs M3 BPEMEHW BAOXa U
BPEMEHM BblAoXa.

Total cycle time (Ventilatory period) = Inspiratory time + Expiratory time

nnm

Total cycle time = Inspiratory flow time + Inspiratory pause + Expiratory flow time +

Expiratory pause
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O6bem (volume)

YUto Takoe 06bem? HekoTopble Halm KypcaHTbl oTBevarT: «O6bEM — 3TO KONMYEeCTBO

BellecTBar». [ns HecxMMaeMbix (TBEPAbIX U XXMAOKMX) BELLECTB 3TO BEPHO, a A4S rasoB
He Bcerga. Korga pgblxaHve npoucxoauT nod AaBfiEHWEM Bbille aTMOCHepHOoro
(bapokamepa, rnobokoBOAHbIE akBanaHrMCTbl U T.4.), CKaTuem rasoB npeHebperatb
Hernb3sl, NOCKOSMbKY MEHSITCA UX hmusnyeckne CBOMCTBA, B YaCTHOCTU pacTBOPMMOCTb
B Boge. B pesynbtate — KuCroOpogHoe oOnbsHEHWE W KeCOoHHas 6onesHb. B
BbICOKOTOPHbIX YCITOBUSIX MPU HU3KOM aTMOCHEPHOM JaBfieHUN 300POBbLIA CMOPTCMEH-
anbMUHUCT C HOpMarsbHbIM YPOBHEM remMorriobMHa B KPOBM MCMbITbIBAET MMOKCUIO,
HECMOTPS Ha TO, YTO AbIWKUT rnybxe M vawe (ablXxaTesNlbHbIN U MUHYTHBIN OOBEMBI
yBenun4yeHbl).

Mpumep: Bam npuHecnu 6annoH ¢ KUCNopogoM, eMKOCTbIO (0O bEMOM) 31, — a CKOMbKO
B HEM kucrnopoaa? Hy KOHEYHO, HY)XXHO U3MepUTb AaBfieHne, N Toraa, OUEeHUB CTeneHb
cKaTus rasa n oXxXmagaemblii pacxod, MOXKHO CKkasaTb, HA4OMNro Nn ero xeatut. MexaHuka
— Hayka TOYHasi, N03TOMY Nnpexae Bcero,

O61bEM — 3TO Mepa NPOCTpPaHCTBa.

N, Tem He MeHee, B YCNOBWUAX CMOHTaAHHOro ApixaHma wn MBJ1 npn HopmanbHoM
aTMOc(epHOM [aBrfieHMM Mbl UCNOSb3yeM eanHULbl o6bema Onsi OLEHKM KonmnyecTBa
rasa. Cxatmem MOXHO npeHebpeyb. B pecnvpaTopHoOn MexaHuke 00 bLEMbI U3MEPSIIOT B
AMTpax unn MUNNUInTpax.

[ns onncaHus o6 bEMOB NCNOMb3YOTCS TPU CNoBa:

1. NpocTtpaHcTBO (space).
2. EMKocTb (capacity).

3. O6bEMm (volume).

O6BEMbBI M NPOCTPAHCTBA B peCnUpaTOpPHO MexaHuKe

AbixatenbHbin 06béM (V1) no-aHrnuickn Tidal volume — 3TO BenuuMHa opHOrO
00ObI4YHOro BAOXa UNu Bblgoxa.
MuHyYTHbI 06béM (MV) — no-aHrnuickn Minute volume — 3TO cymma gpixaTenbHbIX

06bEMOB 3a MWHYTY. Ecnn Bce abixaTenbHble 06bEMbl B TeYEeHWE MWUHYTbl pPaBHbI,
MOXHO NPOCTO YMHOXWUTb AblXaTesnbHbIi OOBEM Ha YacTOTy AbIXaHUMN.

MeptBoe npoctpaHctBo (DS) no-aHrnuiickn Dead space — 9TO cymMMapHblii O6bLEM
BO3QYXOHOCHbIX NyTel (30Ha AblXxaTeNbHOM CUCTEMbI, r4e HET razoobmeHa).

O61bembl, Mccnesyembie NPy CANPOMETPUM

AbixatenbHbit 06béM (V1) no-aHrnunckmn Tidal volume - 3710 BennumHa opgHoro
06bI4HOro BOOXa MIn BblgoXa.

Pe3epBHbIN 06bEéM Bpoxa — POBg (IRV) no-aHrnuickn Inspired reserve volume — 370
06bEM MaKCMMarnbHOro Bgoxa no 3aBepLieHun 06bIMHOro BAOXA.

Emkoctb Bgoxa — EB (IC) no-aHrnuiicku Inspiratory capacity - 970 06b&M
MaKcUmarnbHOro Baoxa nocrie o6bI4HOro BblAoXa.

IC = TLC-FRCunmn IC = V1 + IRV



O6uwas émkoctb nérknx — OEJ (TLC) no-aHrnuickn Total lung capacity — aT0 06bEM
BO34yXa B NENKMX No 3aBepLUEHNM MaKCMMarbHOro BAOXa.

OcTatouHbIi 06BEM — OO (RV) no-aHrnuinckn Residual volume — 310 061HEM BO3ayxa B
NErknx no 3aBepLUeHn MakCMMarnbHOro BblAoXa.

XKusHeHHaa émkoctb nérkmx — XKEJ (VC) no-anrnuiicku Volume capacity — 310 06b€m
BAOXa NOCMe MakCMManbHOro Bblgoxa.

VC = TLC - RV

®dyHKUMOHanbHaa octatouHas émkoctb — ®OE (FRC) no-aHrnuiickm Functional residual
capacity — 310 06bEM BO3ayxa B NErkMx No 3asepLieHnn 0ObIMHOrO BbIAOXA.
FRC = TLC-IC

Pe3sepBHbIN 06bEM Bbigoxa — POBblg (ERV) no-aHrnuiickm Expired reserve volume —
3TO0 00bEM MakCMMarbHOro BbloXa No 3aBepLUeHnn 0ObIMHOro BblgoXa.
ERV = FRC - RV
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Motok (flow)

Yto Takoe notok? «OOBLEMHAs CKOPOCTb» — TOYHOE onpedeneHve, yaobHoe ans
OLIEHKM paboTbl HACOCOB N TPyBONPOBOAOB, HO ANA PECNNPATOPHON MexaHukn Gonblue
NOAXOANT:

MoTok — 3TO CKOPOCTb U3MEeHEHNA 06bEMaA

B pecnupatopHon mexaHuke noTok (V) namepstoT B nUTpax B MUHYTY. Mprumepsi:

1. MNotok(V) = 60n/munH, OnutenbHocTb BAoxa(Ti) = 1lcek(1/60MuH), [bixaTernbHbln
00bEM (V1) =7



PeweHnune: VX Ti =Vt

OtBeT: 1n

2. MoTtok(V) = 60n/mMuH, ObixaTtenbHbit 06bEM(VT) = 1n, AnutensHoctb Baoxa(Ti) = ?
Pewenune: V1/V=Ti

Otsert: 1cek(1/60MnH)

O6GBbEM — 3TO Mpou3BedeHMe NOTOKa Ha BpeMs BOoXa MMM nrowadb Mo KpuBoOW
NMoTOKa.

Vr=VxTi
BAOX Bbl0OX

DABJITEHUE

t

OBBEM

t
NOTOK

t

310 npeacrasrieHne O B3aMMOOTHOLUEHMU TMOTOKa U obbema ncnonb3yeTcd nMnpu
onncaHnm pexmmoB BEHTUIALINN.

[aBneHue (pressure)
Yto Takoe pasnexnme?

[aBneHue (pressure) — 3T0 cunia, NPUNOXKEHHAA K eauHMLe naowaamn
,El,aBneHme B AbIXaTeJlbHbIX NYTAX WU3MEPAT B CaHTUMETPpax BOAHOIO ctonba un B
munnubapax. 1 munnmnbap = 1,019744289 cm BogHoro cronba.

3HaueHus ﬂ,aBﬂeHMVI B Pa3HbIX 30HaX AblxaTeﬂbHOVI CncTemMbl n

rpaguenTtbl (gradient) gaBneHus

Mo onpeneneHvio AaBneHne — 370 cuna, KoTopas yxe Hawrna cebe npMMeHeHue, - oHa
(3Ta cMna) gaBuT Ha nnowanb U HUYEro HUKyga He nepemelyaeT. pamMoTHbIA AOKTOP
3HaeT, 4YTO B300X, BeTep, W Jaxe yparaH, co3gaeTcsd pPas3HOCTbIO OaBNEHWUA WIu
rpagueHTom (gradient).



Hanpumep: B 6annoHe ra3 noa gaesneHnem 100 atmocdep. Hy n 4to, ctout cebe
6annoH n Hukoro He TporaeT. a3 B GannoHe crnokonmHo cebe gaBMT Ha nnowagb
BHYTPEHHEN MOBEPXHOCTM BansioHa U HU Ha 4YTO He OTBrekaeTcs. A ecnv OTKPbITb?
BosHukHeT rpagmeHT (gradient), KOTOpbIM U cO3naeT BeTep.

~————Paw=Pawo
\—Ptr=Pawo-Pbs

<
= m Ptt=Palv-Pbs
7 <

= Pl=Palv-Ppl

- L pw=Ppl-Pbs
—Pes

[]

[aBneHus:

Paw — gaBneHuve B AblxaTerbHbIX NyTAX

Pbs — naBneHne Ha NOBEPXHOCTM Tena

Ppl — nnespanbHoe gaBneHne

Palv — anbBeonsipHoe gaBneHune

Pes — nuweBoaHoe gaBneHune

['pagueHTbI:

Ptr — TpaHcpecnupaTtoHHoe aasneHue Ptr = Paw — Pbs

Ptt — TpaHcTOpakanbHoe gasneHune Ptt = Palv — Pbs

Pl — TpaHcnynbmoHaneHoe aasnenue Pl = Palv — Ppl

Pw-— TpaHcmypanbHoe gasneHne Pw = Ppl — Pbs

Ilerko 3anoMHUTL: ecnn NCNonb3oBaHa NPUCTaBKa «TPaHC» - pedb UAET O rpagueHTe.
[MmaBHOW [OBMXyLLEN CUMNOW, NO3BONAKLLEA caenaTb BOOX, HABNSETCA pPasHOCTb
AaBneHMn Ha Bxode B AblxaTenbHble nytu (Pawo- pressure airway opening) wu
AaBrneHne B TOM MecTe, rge AblxaTernbHble MyTW 3akaHYnMBalwTCad — TO eCTb B
anbBeonax (Palv). Npobnema B TOM, 4YTO B anbBeonax TEXHUYECKM CITIOXXHO NMOMEPUTb
AasneHue. oaToMy ANA OLEHKM AbIXaTeflbHOro YCUMWUS Ha CMOHTAHHOM [blXaHWUn
OLEHMBAIOT rpaguveHT Mexay nuweBoaHbiM aAasrneHvem (Pes), npu cobnogeHum
YCrOBUA WN3MEPEHNA OHO paBHO nneBpanbHomy (Ppl), n gaBneHnem Ha BXxode B
AbixaTenbHble nyTn (Pawo).

Mpwn ynpaBneHun annapatom VIBJ1 Hanbonee AoCTyNHbIM 1 MHAOPMATUBHBIM SBISIETCA
rpagueHT Mexagy JAdaBneHvem B AbixaTenbHblX nytax (Paw) v pgasneHuem Ha
nosepxHoctn Tena (Pbs- pressure body surface). 3toT rpagmeHT (Ptr) HasbiBaeTtcs
«TpaHCpecnupaTopHOE AaBneHne», N BOT Kak OH co3gaeTcs:

1. Mpn NPV Pawo cootBeTcTBYyeT atMOcepHOMYy, TO eCTb HOoMb, a Pbs ctaHoBUTCS
oTpuuaTenbHbiM B pesynbtaTe paboTel annapata. Annapat UBJ1 NPV tuna «Kirassa».
2. MNpu PPV [OaBneHne Ha noBepxHocTn Tena (Pbs) paBHO Hyno, TO ecCTb
cooTBeTCTBYeT armocdepHoMmy, a Pawo Bbllle armocdepHoro, TO €CTb
NONOXUTENBHOE.
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Kak Bngute, HM ogmH n3 metonos WMBJ1 He cooTBeTCTBYeT MOSHOCTLK CMOHTAHHOMY

ObIXaHWI0, HO ecrnv oueHMBaTb BO3LENCTBME Ha BEHO3HbIN BO3BpaT U NUMAOOTTOK
annapatbl MBJT NPV Tuna «Kirassa» kaxytca 6onee gpuanonornyHsimn. Annapatsl VIBJ1

NPV tuna «lron lung», co3gaBasi oTpuuartenbHOe LaBrieHne Hag BCeW NOBEPXHOCTLIO

Tena, CHXXalT BEHO3HbIN BO3BpPAT U, COOTBETCTBEHHO, CEPAEYHbIN BbIOPOC.
Be3 HbloTOHa 3aecb He 06ONTUCH.

[aBneHune (pressure) — 3TO cuna, C KOTOPOW TKaHWU NErkux W rpyagHOM KneTKu

NpOTUBOAENCTBYIOT BBOAMMOMY OOBEMY, UMW, WHBIMW CROBaMu, cCuna, C KOTOPOW
annapat MBJ1 npeogoneBaeT conpoTMBeHne AblXaTesibHbIX NyTEN, 351aCTUYECKYIO TAry
NErknx W MbIWEYHO-CBA30YHbIX CTPYKTYP TPyAHOM KNeTkM (No TpeTbemy 3aKoHy
HbloTOHa 3TO OOHO M TO Xe TMNOCKOSIbKY «Ccuna [OEWCTBUA paBHa cune
NPOTUBOLENCTBUAY).

Equation of Motion ypaBHeHune cun, unn TpetTmn 3akoH HbtoToHa ansa

cnctembl «annapat IBJ1 — nauuneHT»
B Ttom cnydae, ecnu annapat WBJI ocywectBnseT BOAOX CUHXPOHHO C AblXxaTenbHOW
NnonbITKOM NauueHTa, gaBneHue, cosgasaemoe annapatom MBJ1 (Pvent), cymmunpyetcs

C MbiLlIEeYHbIM ycunueM nauueHTa (Pmus) (neBas YacTb ypaBHEHWs) Ons NpeoaosrieHust

yrnpyrocTun nerkux n rpyaHon knetku (elastance) n conpotmeneHus (resistance) noTtoky
BO3AyXa B AblXaTellbHbIX NyTAX (MpaBas YacTb YypaBHEHUS).

Pmus + Pvent = Pelastic + Presistive

(oaBneHne namepsoT B Munnmbapax)

Pelastic= E xV

(NnponsBeneHne ynpyroctn Ha o6LEM)

Presistive = Rx V"

(NnponsBeneHne conpoTUBIIEHMS HA MOTOK)
COOTBETCTBEHHO

Pmus + Pvent = EXV + RxV"

Pmus(w6ap) + Pvent(m6ap) = E(m6ap/mn) X V(mn) + R (m6ap/n/mun) X V(n/mun)

11



3aoaHO BCMOMHMM, pa3mepHocTb E — elastance (ynpyroctb) nokasbiBaeT Ha CKONbKO
MUNMGap Bo3pacTaeT [OaBlfieHuMe B pes3epByape Ha BBOAMMYK eavHuLy oO6béma
(M6ap/mn); R — resistance conpoTuBreHVWE MOTOKY BO3dyxa NPOXOAsLEMY Yepes

AblxaTenbHble NyTn (M6ap/n/MuH).

lMoHMMaHue ypaBHEHWA cuil NO3BOSISIET Ham genatb Tpu Bewwn. Bo-nepsbix, nrobon
annapat VBJ1 PPV mMoxeT ynpaBnsaTb OAHOMOMEHTHO TOSIbKO OOHUM M3 U3MEHSIEMbIX
napaMmeTpoB BXOASLUMX B 3TO ypaBHEHUE. ITU U3MEHSeMble NapamMeTpbl — AaBneHne
06béM n notok. [oaTomy cywecTBylOT Tpyu cnocoba yrnpaBneHus BOOXOM: pressure

control, volume control, nnn flow control. Peanusaunsa BapnaHTa Baooxa 3aBMCUT OT

KOHCTpyKunn annapata WBJT n BbibpaHHoro pexuma WIBJ1. Bo-BTOpblX, Ha OCHOBe
ypaBHEHUs1 Ccun  co3faHbl MHTeNseKTyanbHble nporpammbl, 6rarogaps KoTopbiM
annapaTt paccuyuTbiBaeT MoKasaTenn pecnMpaTopHOM  MexaHuKuM  (Hanpumep.:

compliance (pactsxkumocTb), resistance (conpotuBneHue) u time constant

(nocTtosiHHas BpeMeHn KT ). B-TpeTbux, 6€3 NOHMMaHNS YpaBHEHUSI CUM He NMOHATb

nmou

Takne pexumbl BEHTUNALMK Kak “proportional assist”, “automatic tube compensation”,

n “adaptive support”.

lnaBHble pacyeTHble NapamMeTpbl pecrnMpaTopHON MexaHUKU

resistance, elastance, compliance

1. ConpoTuBneHue abixaTebHbIX NyTel (airway resistance)

CokpalleHHoe 0b60o3HavyeHne — Raw.

PaamepHocTb — cmMH20/J1/cek nnn mdéap/mn/cek

Hopma pgns 3pgopoBoro 4enoseka — 0,6-2,4 cmH20/J1/cek. Y uHTYGUpoBaHHOro
naymeHta Ha WBJT — 3-10 cmH20/J1/cek. ®unamyeckmn cmbICii AaHHOrO nokasaTtens
FOBOPUT, Kaknm OOIDKEH ObITb rpagueHT AaBreHunn (HarHeTawllee AaBneHne) B JaHHOM
cucteme, 4Tobbl obecneunTb NoTok 1 nUTp B cekyHay. CoBpemeHHoMy annapaty MBJ1

HEeCJTI0XKHO pacCHnTaTb pe3ncrtaHc (airway resistance), Y HEro eCtb AaTt4yunk aaBrneHnda mn

noToka — pasaenun AaBfeHne Ha MOTOK, M roToB pesynbTart. [na pacyeTa pe3ucraHc
annapat VBJ1 genut pasHocTb (rpagmeHT) makcumanbHoro gaesneHus sgoxa (PIP) w

AasneHus nnato sgoxa (Pplateau) Ha noTok (V).

Raw = (PIP-Pplateau)/V"
Uro wun yemy conpoTtuBnsetca? PecnupaTopHas MexaHuka paccMaTtpuBaeT
CONPOTMBIIEHNE [AblxaTenbHblX NyTen BO3gywHOMY noToky. ConpoTuBreHue (airway

resistance) 3aBMCUT OT [AONUHbLI, AMaMeTpa W MNPOXOAMMOCTM AblXaTeNnbHbIX MNyTen,

3HOOTpaxeanbHOW TPYyOKM M ObixaTenbHOro koHTypa annapata WBJ1. ConpoTtuenexne
NOTOKY BO3pacTaeT, B YaCTHOCTU, €CIiu NPOUCXOOUT HaKoMNfeHne U 3agepkka MOKpOTbI
B AbIXaTenbHbIX NYTAX, HA CTEHKax 3HOOTpPaxeanbHON TPYOKKU, CKONSEHNe KoHAeHcaTa B
LUNaHrax AblxaTenbHoOro KoHTypa unu gedopmauuns (nepermd) nwobon un3 TpybdoK.
ConpoTuBrneHne ApixaTtenbHblX MNyTeNn pacTeT MNpu BCEX XPOHUYECKUX M  OCTPbIX
OOCTPYKTMBHbIX 3aboneBaHnsax nErkux, MpUMBOAALMX K YMEHbLUEHMIO AuMameTpa
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BO3YXOHOCHbIX nyTen. B cooTBeTCcTBUM C 3aKkoHOM ["areHa-lNyasens npu ymeHbLIeHUM
AnameTtpa Tpybku BOBOe ANA obecnevyeHust TOro >xe MOToKa rpaguveHT OaBreHun,
CO3JaloLLUni 3TOT NOTOK (HarHeTawLlee AaBneHue), AomkeH BbiTb yBenuyeH B 16 pas.

BaxHOo vmeTb B BMAOy, YTO COMPOTUBIIEHME BCEW CUCTEMbl OnpeaenseTcss 30HOM
MaKCUMarnbHOro  COMPOTUBMEHUS (CaMbiM  y3KMM MECTOM). YCTpaHeHue 3TOoro
nNpenaTcTBMA (HanpuMmep, YyOdaneHue WHOPOAHOro Tena W3 AbixaTenbHblX MyTew,
yCTpaHeHne CTeHo3a Tpaxew unum uHTybaums npu ocTpoMm OTEKEe ropTaHu) nossonset

HOpMarnun3oBaTb YCroBUA  BEHTUNAUUN  JTIETKUX. TepMI/IH pe3ncTtaHc LLUNPOKO

NCNoJib3yeTCA pOCCMVICKMMM peaHnmMaTosrnoramMmm Kak CcyectButTesibHoOe MY>XCKOoro poaa.
Cwmbicn TeEPMUHaA COOTBETCTBYET MMPOBbLIM CTaHOapTaM.
BaHO NOMHUTb, YTO:

1. Annapat VBJ1 mMoXeT n3MepuTb pe3nctaHC TOSbKO B YCNOBUSIX NPUHYAUTENbHON
BEHTUNSALUN Y penakCUpoBaHHOIo nauueHTa.
2. Korga mbl roopyM 0 pe3uctaHc (Raw nnmn conpoTuBneHnn gbixaTenbHblX NyTen) Mol

aHanmsnpyem O6CprKTI/IBHbIe I'IpOGJ'IeMbI npenmMmyuiecTtBeHHO CBA3aHHblE C COCTOAHUEM
NPOXOANMOCTU ObIXaTellbHbIX nyTe|7|.

3. Yem BonbLue NOTOK, TeM Bbille pe3ncTaHC.

2. Ynpyroctb (elastance) n nogatamBoctb (compliance)

Mpexae Bcero, creayeT 3HaTh, 3TO CTPOro NpoTmeononoxHele noHatns un elastance

=1/compliance. Cwmbicn noHATMS «ynpyrocTb» nogpasymeBaeT CrocoBHOCTb

dusndeckoro Tena npu pedopmauum COXpaHAaTb npunaraemoe ycunue, a npu
BOCCTaHoOBMeHUn ¢opMbl — BO3Bpawlatb 3TO ycunume. Haubonee HarnggHo 370
CBOMCTBO MPOSBASAETCSA Yy CTanbHbIX NPYXWH UMM pe3nHOBbLIX usgenun. Cneumanucbl
no WBJ1 npn HacTpouke u TecTUpoBaHUW annapaTtoB B KayecTBE MOAENU JErkunx
NCMONb3YIT PE3NHOBLIA MELLOK. YMNpPYrocTb AblXxaTeflbHOM cuctembl 0603Ha4vaeTcs

cumBonoM E. PaamepHocTb ynpyroctn m6ap/ma, 3To 03HavaeT: Ha CKONbko Munnunbap

cnefyeT NOAHATb AaBnNeHMe B cucTeme, YTobbl 06bEM yBenuuunca Ha 1 mn. [JaHHbIn
TEPMUH LUMPOKO Ucnonb3yeTcs B paboTtax no n3nonornm gbixaHus, a cneunanmcTbl no
MBJ1 nonb3yloTcss MNOHATMEM OOpaTHbIM  «yNPYrocTu» - 3TO  «PaCTSKUMOCTb»

(compliance) (MHOrga roBopAT «MNOA4ATNMBOCTbLY). TePMUH KomnaarHc (compliance)
NCNONb3yeTCsa Kak CyLLeCTBUTENbHOE MYXXCKOro poJa POCCUMCKMMU peaHnmaTosrioraMmm

TakK e 4YacTo, KaKk 1 pe3nctaHc (Bcerga korga MoHuTop annapata VIBJ1 nokasbiBaet aTu
napameTpbl). PasmepHOCTb komniavHca — MAa/mbap nokasblBaeT, Ha CKOMbKO
MUMANANTPOB yBENUYMBaeTCcs 06bEM Npu NOBbIWEHMM AaBreHns Ha 1 munnunbap.

B peanbHOW KnuMHMYeckon cuTyauuu y naumeHta Ha WBJT namepsitoT KomnaamHC
pecnupaTopHoOM CUCTEMbI — TO €CTb Jerkmx W TrpygHoOM KneTku BmecTe. [ns
0603Ha4YeHnss KoMnIanHC ucnonb3ylT cumeonbl: Crs (compliance respiratory system) —

KOMMJIauHC AbixatenbHonm cuctembl M Cst  (compliance static) — komnsianHc

CTaTUYECKUIN, 3TO CMHOHWUMbI. [1ns Toro, 4tobbl paccymTaTb CTAaTUYECKUIA KOMMIAWHC,
annapat VBJ1 genut gpixatenbHbll O6bEM Ha [aBrieHWe B MOMEHT WHCNUPaTOPHOW
nay3sbl (HET NOTOKa — HET Pe3nCTaHC).

Cst = V1/(Pplateau —PEEP)
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Hopma Cst (komnnanHca cratudeckoro) — 60-100mn/mbap
MpuBOAMMAas HWXKE CXemMa MokasblBaeT, Kak Ha OCHOBE ABYXKOMMOHEHTHOW Moaenu
paccynTbiBaeTCA conpoTuBrneHne notoky (Raw), crtatmyeckui komnnamHc (Cst) wn

ynpyrocTb (elastance) gbixaTenbHOM CUCTEMBI.

OABINEHUE
B KOHTYPE
ANMMNAPATA

,NOTOKOBOE 3anep>+<|<a
. Bpemsa | BJOXa
BAOXA -—-

|<—m—><—m—b-E
[BROX] | ! EPENE—

BaxHo nmeTb B BUAY, YTO U3MEPEHUS BbIMOSMHSAKTCH Y periakcMpoBaHHOro naumveHTa B
ycnosusax VBJ1, ynpaBnsiemon no o6bEMyY C nepekntoyYeHneM Ha BblAOX MO BPEMEHM.
OTO 3Ha4WT, YTO Nocre Toro, Kak 06 bLEM JOCTaBfeH, Ha BbICOTE BAOXA KranaHbl BAOXa
N BblAOXa 3aKpbiTbl. B 3TOT MOMEHT u3MepsieTcs faBrieHue nnaTto. BaXxHO NOMHUTB,

yto: 1. AnnapaTt WBJ1 moxeT mameputb Cst (KOMMNAAWMHC CTaTMYECKUA) TONMbKO B
YCIOBUAX MPUHYOUTENBHOM BEHTUNSAUMW Y penakCMpoBaHHOIO MauuMeHTa BO BpeMms
MHcnMpaTopHon naysbl. 2. Korga Mbl roBopyM O ctatnyeckom komnaaunHce (Cst, Crs

NN  pacTsHKMMOCTU  PECnMpaTOpPHOA CUCTEMbI), Mbl aHanM3Mpyem pecTPUKTUBHbIE
npo6nembl NPEMMYLLECTBEHHO CBSI3aHHbIE C COCTOSTHUEM FIErOYHOW NapeHXUMbI.
dunocodckoe pestoMe MOXKHO BbIpasuTb ABYCMbICIEHHbLIM YTBEPXKAEHNEM:

MoTok co3paéTt paBneHue

O6e TpaKTOBKM COOTBETCTBYIOT [OENCTBUTENBHOCTU, TO €CTb: BO-NEPBbIX, MOTOK
co3gaéTtca rpaguMeHToM [aBfieHWn, a BO-BTOPbIX, KOrga MOTOK HaTankuBaeTCcd Ha
npensaTcTeme (CONpPOTMBIIEHME [blXaTelbHbIX MyTen), AaBrneHue YBenuynMBaeTCs.
Kaxywiasca peyeBas HeOpeXHOCTb, Korga BMECTO «rpagveHT AaBneHuin» Mbl FOBOPUM
«OaBneHne», poxgaeTcsa W3 KIMHWYECKOW peanbHOCTU: BCe [AaTyvMku [aBrieHus
pacnonoXeHbl CO CTOPOHbI AbIXaTeNbHOro KOHTypa annapata WMBJI. na Toro, 4tobbl
n3MepuTb JaBfeHNe B Tpaxee u paccyntatb rpagmMeHT, HeobXxoanMO OCTaHOBUTb NOTOK
N OOXOATbCA BblpaBHMBAHUA OaBMNeHWA C 060MX KOHUOB 3HAOTpaxeasibHOW TPyOKW.
Moatomy B npaktMke OOblMHO Mbl NOMb3yeMcs nokasatendamu AaBfeHust B
AblxatenbHoM KoHType annapata VBJI. o 3Ty CTOpoHy aHAOTpaxeanoHOM TPyoKu ans
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obecneyennsa Bgoxa oobemom Y mn 3a BpeMA X ceKk Mbl MOXeM MNoBbIlWaTh AaBrieHne

BAOOXa (VI COOTBETCTBEHHO FpaLI,I/IeHT) Ha CKOJIbKO Yy HaC XBaTUT 34paBOro CMbIClia un
KITMHN4YECKOro onbiTa, NMNOCKOJIbKY BO3MOXXHOCTU annaparta MBI OrPOMHHbI.
Mo Ty CTOPOHY SH,D,OTanGaJ'IbHOIZ pr6Kl/I Yy HaC HaxoguTcCd MNMauneHT, n 'y Hero and

obecneyveHuns Bblgoxa ob6bLEMOM Y mMn 3a BpeEMA X ceK ecTb TONbKO cuna ynpyrocTtu

JIErKUX " pr)J,HOIZ KNeTkn 1 cuna ero AbixaTerbHON MYCKYyJ1aTypbl (ecnm OH He
peﬂaKCMpOBaH). Bo3MOXHOCTN naumeHTa co3gaBaTb NMOTOK BblAoXa OrpaHn4eHb.bl. Kak
Mbl yXe rnpegynpexnarnum, «noTokK — 3TO CKOPOCTb U3MEHEHNA obbemay, nosTomMy And
obecneyveHus SCbeeKTI/IBHOFO BblOXa HY>XHO NpefoCTaBUTb NAaLUMNEHTY BPEMA.

MocTtosaHHasa BpemeHuU (T)
Tak B OTEYEeCTBEHHbIX pykoBoacTtBax no (bI/I3I/IOJ'IOFI/1I/1 OblXaHNA Ha3blBaeTCA Time

constant. 3To npov3BegeHe KOMMNIAaUHC Ha pe3ncTaHC.

T = Cst x Raw

Pa3mepHOCTb NOCTOAHHOW BPEMEHW, eCTECTBEHHO CeKyHAbl. [1eNCTBUTENbHO, Bedb Mbl
yMHOXaeM wmn/mbap Ha Mb6ap/ma/cek. [locTosiHHas  BpemeHW  oTpaxaet
OAHOBPEMEHHO 3nacTUYeCKMe CBOMCTBA AblXaTeflbHOM CUCTEMbI U COMPOTUBIEHUNE
AblxaTesibHbIX nyTen. Y pasHbix nogen T pasHas. [MoHATb omn3nyecknin Cmbicn aHHOW

KOHCTaHTbl flerdye, HavyaB C Bblgoxa. [lpeactaBum cebe, 3aBeplUEH BOOX, — HayaT
Bblgox. [log pgenctBMemM 3nacTUYECKUX CWUIl  OblXaTerlbHOW  CUCTEMbl  BO34yX
BbITanknBaeTcs M3 NErknx, npeoaonesas ConpoTUBEHNE OblXaTemnbHbIX NyTEN.

CKONbKO BpeMEHWN 3aMET NacCCUBHbIN BbIOOX? [MOCTOSAHHYIO BpPEMEHW YMHOXWUTb Ha
natb (T X 5). Tak ycTpoeHbl nerkme yenoseka. Ecnu annapat VBJ1 obecneunBaeT BOOX,

co3gaBasi MOCTOSIHHOE [AaBrieHWe B AblXaTenbHbiX MyTAX, TO Y perakCUpOBaHHOro
naumMeHTa MakcuMarbHbli ANs OaHHOro [AaBreHust AOblxaTenbHbll 0O0bEM Oyaet

AOCTaBreH 3a To xe Bpemd (T X 5).
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NOCTOAHHAA BPEMEHWU BOOXA U BbIAOXA
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Time Constants

[aHHbIn rpacuk nokasbiBaeT 3aBMCMMOCTb MPOLEHTHOW BENUYMHLI AblXaTenbHOro
oObEMa OT BpeMeHU Npu NOCTOSHHOM AaBfiEHMM BOOXa MW NAaCCUBHOM BbI4OXE.

Mpy BbIJOXE MO WUCTEYEeHUW BpemMeHn T nauuMeHT ycnesBaeT BbIJOXHYTb 63%

AblxatenbHoro oovéma, 3a Bpemda 2T — 87%, a 3a Bpema 3T — 95% AbIxaTtenbHoro

o6béma. Npun BOoxe € NOCTOSAHHBLIM JaBfieHNEM aHanorMyHas kKapTuHa.
[MpakTnyeckoe 3HayeHMe MOCTOAHHOM BpemeHun. Ecnu Bpems, npepocrtaBngemMoe

naumeHTy Onga Bblgoxa <5T, TO MOCfe KaXaoro BAoxXa 4acTb AblxaTenbHoro obbéma
OyneT 3agepxmBaTtbCs B NErknx naumeHta. MakcmmanbHbI AbiXxaTelbHbIn 00 BEM Npn

BAOXE C MOCTOSIHHbIM AaBreHMeM nocTtynut 3a Bpems 5T. lNpu maTtemaTnyeckom
aHanuse rpaduka KpmBon OobbEMa BblgoXa pacyeT MOCTOSIHHOW BPEMEHWU MO3BONSET
CyOUTb O KOMMJANHC U pe3nCcTaHC.
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A rPA®UK USMEHEHUA OBBEEMA

NOCTOAHHAA BPEMEHU

HaHHbIn rpaduk nokasbiBaeT, Kak coBpeMeHHbin annapat WBJl paccuutbiBaet
NOCTOSAHHYIO BpeMeHW. bbiBaeT, YTO cTaTUYeCcKU KOMMNanHC paccymtaTb HEBO3MOXHO,
T. K. ONsg 9TOro [[OfMKHa OTCYTCTBOBATb CIMOHTAHHAas [blxaTerbHasa akTUBHOCTb WU
HeobXxoQMMO M3MepUTb AaBneHue nnato. Ecnu pasgenuTb ObixaTenbHbli 00BLEM Ha
MakcumarnbHO€e [aBrfeHue, NonyyYnm eLle oauvH PacyETHbIM NnokasaTerb, OTpaXatoLwmm

KOMMJIaNHC " pe3ncrtaHc. PasHble aBTOpPbIl NCNOJIb3YHKOT pa3Hble MMEeHa, HO Mbl OJTXHbI
3HaTb, YTO 3TO CUHOHUMBbI.

Cp = Dynamic Characteristic = Dynamic effective compliance = Dynamic

compliance.

Cp = V1/(PIP — PEEP)

Bonbuwe Bcero cbmBaeT C TOSMKY HasBaHME «OMHAMUYECKMIA KOMMIIAMHCY», MOCKONbKY
N3MEpPEHNE NPOUCXOOMT MPU HEOCTAHOBIIEHHOM MOTOKE W, CredoBaTenbHO, AaHHbLIN

nokasaTernb BKITHOYaAET U KOMMJAWHC, U Pe3ncTaHc. Ham 6onblue HPaBUTCA Ha3BaHUE
«AMHaMU4eCKaa XapakTepuUCcTuka». Korga aToT nokasaTterb CHUXaeTCsl, 3TO 3HAYUT, YTO

nMbOo MOHM3UICS KOMMalHC, MO0 BO3pPOC pe3nctaHc, nmbo n 1o n gpyroe. (Unu
HapyLlaeTcs NPOXOAMMOCTb [AblXxaTeNbHbIX MNyTEeW, WAW CHMXaeTcs noaaTNIMBOCTb
nerknx.) OpgHako ecnn OOHOBPEMEHHO C AMHAMWUYECKOW XapaKTepucCTUKOW Mol

oueHmBaemMm no KpI/IBOI7I BblOXa MOCTOAHHYHO BpeMeHWU, Mbl 3HaeM OTBeT. Ecnun

NOCTOSIHHAs BPEMEeHM pacTET, 3TO OOCTPYKTUMBHbLIA MPOLIECC, @ €Cnu yMeHbLUAeTCs,
3HAYUT NErkme cTanu MmeHee NoaaTnMBbI.

3aKkaruyeHue

Takum obpas3om, 3HaHNE PECNUPATOPHON MEXAHUKM NMO3BOMSIET HE MPOCTO CTaHAAPTHO
ycTaHaBnmMBaTb Hekne "cpegHue" napameTpbl BEHTUNAUWK, HO MOHUMATb Bbl3blBAaEMble
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CMEHON napamMeTpoB N3IMEHEHUA B (*)VI3I/IOJ'IOFI/II/I AblXaTerbHON CUCTEMbI NauMeHTa n
YMETb MakCuMallbHO SCbeeKTVIBHO NPUMEHATb CBOU 3HAHUA.
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